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Summary With more men who have sex with men (MSM) seeking sexual partners through the
Internet, the Internet has been characterized as a newly emerging risk environment for HIV
transmission. Meanwhile, the flourishing of gay websites provides a good opportunity for health
professionals to conduct systematic HIV/AIDS behavioral surveillance among MSM. Effective
methods to recruit online MSM users have been developed, and online surveys have suggested
many practical advantages over surveys in the traditional gay community. Although surveys
among MSM via the Internet have a few limitations and risks, online surveillance can still be
viewed as a feasible and convenient approach, especially in countries where the HIV/AIDS
epidemic is concentrated in high-risk populations and where the conducting of such surveillance
in traditional gay venues is difficult.
# 2007 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights
reserved.Introduction
Successful HIV prevention amongmen who have sex with men
(MSM) depends on changing risk behaviors that put them at
high risk for HIV. This mainly includes increasing condom use,
reducing the number of sexual partners, reducing needle-
sharing behavior, and delaying the onset of first intercourse.
In order to promote changes in the behaviors mentioned
above, every country needs evidence-based information to
guide the design of appropriate prevention programs and to* Corresponding author. Tel.: +61 8 8303 6880; fax: +61 8 8303 6885.
E-mail address: peng.bi@adelaide.edu.au (P. Bi).
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doi:10.1016/j.ijid.2007.06.007monitor and evaluate whether these efforts are successful.
Systematic surveillance of risk behaviors over time among
MSM can provide important information for better under-
standing HIV/AIDS in the community, predicting incidence,
and planning intervention programs.1,2
Public health surveillance is ‘‘the ongoing systematic col-
lection, analysis, and interpretation of health data, closely
integratedwith the timelydisseminationof thesedata to those
providing the data and to those who can apply the data to
control and prevention programs’’.3 Therefore HIV/AIDS sur-
veillance addresses systematic data collection and dissemina-
tion of data to those who need it so that action can be taken.
However, since the advent of the HIV epidemic, the focus of
HIV/AIDS surveillance has changed with the understanding ofPublished by Elsevier Ltd. All rights reserved.
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tries concentrated resourcesontracking thespreadof thevirus
itself.4 While industrialized countries have focused on HIV/
AIDS case reporting, somedeveloping countries, such asChina,
India, Thailand, and those in sub-Saharan Africa, have set up
sentinel surveillance systems (sentinel surveillance addresses
tracking the changes in HIV prevalence) following a recom-
mendation by the World Health Organization (WHO). Because
HIV prevalence reflects a cumulative HIV incidence and mor-
tality,andwill onlyslowly respondtochanges in riskbehavior, it
may not serve as a good indicator of changes in new infections
or as a measure of success of programs that are designed to
reduce new infections. Hence, recently the Joint United
Nations Program on HIV/AIDS (UNAIDS)/WHO HIV surveillance
working group in collaboration with other international part-
ners have advocated the implementation of ‘second genera-
tion surveillance’.5Oneof the key featuresof this strategy is to
address monitoring changes in risk behavior (behavioral sur-
veillance) and patterns of other sexually transmitted diseases
(STDs). However, behavioral surveillance among the MSM,
which requires repeated cross-sectional surveys based on
replicable study designs, is problematic in many countries.
Common challenges include cultural and political barriers and
the resource costs of surveying in traditional gay venues.2
These factors make it difficult for governments, researchers,
and healthcare workers to access MSM, which affects the
quality and completeness of behavioral surveillance.2
With the development of new communication technolo-
gies, a newmeeting place — the Internet — provides a perfect
channel, a virtual venue, for MSM to seek sexual partners.
The anonymity and complete privacy characterized by the
Internet allows sex-seeking without discrimination and stig-
matization associated with homosexual orientation.6,7 The
anonymous and electronic nature of the Internet is useful in
eliciting sensitive homosexual information, and also offers
unique practical capabilities in conducting online surveys
compared with conventional survey methods (e.g., the tele-
phone, mail, and face-to-face interviewing). The Internet
has opened up new vistas in the HIV/AIDS behavioral surveil-
lance among MSM and shows great potential.
However, as behavioral surveillance requires consecutive
behavioral surveys and stable sampling and study designs, the
fluid nature of Internet MSM users may generate sampling
issues. For this review Medline and recent AIDS conference
publications were searched by using keywords ‘MSM or gay’,
‘Internet or Web’, and ‘HIV/AIDS’. Herein, we synthesize the
literature to explore the necessity and challenges of using the
Internet to conduct HIV/AIDS behavioral surveillance among
MSM.
MSM, avid users of the Internet for sexual
purposes
The Internet offers a limitless supply of potential respon-
dents for researchers wanting to conduct web-based
research.8 With up to 972 million individuals worldwide
accessing the Internet each day (15.2% of the world popula-
tion), it has become an important part of daily life in many
countries: in North America 68.2% access the Internet reg-
ularly, the rate is 52.9% in Australia and 35.5% in Europe.8
MSM are avid users of the Internet for sexual purposes
because of the perceived anonymity, the availability ofpartners, and less discrimination and stigmatization of homo-
sexuality in an online setting.9,10 A survey in London gyms
showed that around one-third of 601 MSM with access to the
Internet had sought sexual partners via the Internet in 2002;
three years later this figure had increased to more than 50%.6
Furthermore, half of them indicated that they preferred to
meet partners through the Internet rather than in bars or
other offline venues.6 Seeking sex has become an important
reason for using the Internet for MSM. An American study of
clients attending STD clinics found that Internet sex seekers
were more likely to be men and homosexual.11 Another large
study in North America (4507 Internet users) found that those
who had sought sexual partners through the Internet were
more likely to be male and have same or both sex partners.12
In China, there were more than 250 Chinese websites dedi-
cated to gays, lesbians, and bisexual people (gay websites) in
2001.13 By the end of 2004, the number of people accessing
broadband connections increased to 94 million, which repre-
sents an increase of 18.2%, or 14.5 million new users com-
pared with 2003.14
The Internet, a new emerging risk
environment for MSM
Withmore andmore MSM seeking sexual partners through the
Internet, the Internet has been characterized as a ‘‘new
emerging risk environment for HIV/AIDS’’ for MSM.11,15
Nearly all relevant studies suggest that MSM who seek sex
through the Internet are at a higher risk for STDs/HIV than
those who do not, although the elevated risk associated with
sex-seeking on the Internet is measured by a variety of
indicators depending on different research designs andmeth-
ods. Internet sex seekers are more likely to have an STD
history,11,16 practice unprotected anal intercourse,6,15,17 and
have a higher number of sexual partners.6 Does the excess
risk for STDs/HIV faced by Internet sex-seekers necessarily
come from the sexual partners met through the Internet? Or
does the association simply reflect that those with high-risk
sexual behaviors selectively use the Internet to seek part-
ners?18 Although current studies cannot provide solid evi-
dence to clarify the causal relationship between using the
Internet and higher risk sexual behavior, the results do
indicate that the Internet has become a new risk venue for
MSM and an avenue for risk surveillance.
Behavioral data can be collected in many ways depending
on the nature of the health event under consideration. Since
it is clear that the Internet has become a risk venue for the
MSM population, surveillance should be put where the risk is.
Web-based behavioral surveillance can help health profes-
sionals to collect more specific information on the incidence
and risk context of disease transmission that is linked to the
Internet. It not only can help to explore the changes in risk
behaviors, but can also help to determine who is most at risk
of contracting or passing on HIV infection, and what role the
Internet is playing and how risky the Internet is in the
transmission of HIV.
Effective recruitment approaches
The Internet provides effective avenues to recruit study
subjects. Several methods have proved to be more efficient
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tion methods. Posting banners or pop-ups on gay websites
with links to the study website is a very common online
recruitment tactic.15,17—21 An American online study
recruited 628 gay men within one month by establishing a
link from gay websites to the data collection site.22 A study
conducted in London in 2002 recruited gay men by building a
pop-up and banners in the chat rooms and personal profiles on
‘Gaydar’ and ‘gay.com’, two of the UK’s most popular gay
websites; 1250 respondents completed the questionnaires
within four weeks.18 Using the same method, other investi-
gators have also effectively recruited gay men of particular
racial or minority groups.21
Sending an e-mail to the registered members of gay
websites is another efficient way to recruit respondents.23,24
An invitation e-mail can be distributed to registered mem-
bers by webmasters. One big advantage of this method is that
researchers are able to calculate the response rate, which
helps to assess the potential selection bias, themost common
bias from online surveys. However, this might raise ethical
issues that will be discussed below.
Having a web page presence and chatting with chatters
can also be viewed as useful methods to recruit subjects. It is
not difficult to establish a web page that explains the purpose
of the survey and invites the target population to participate.
However, attracting enough respondents within a designated
period might be a challenge using these methods alone.25
They are probably best pursued in conjunction with e-mail or
banner recruiting.25 In order to increase the response rate,
providing a small financial reimbursement for a participant’s
time may be helpful.26
Practical advantages of online surveys
Compared to other survey methods, the Internet provides a
more convenient approach to collect and collate data.27
Almost all traditional field surveys including mail, telephone,
pen-and-paper, or interviewer-administered questionnaires
will eventually be transferred into electronic data for ana-
lysis. In online surveys, however, questionnaires written in
hypertext mark-up language can be posted on the Internet
with a visually friendly display. The completed questionnaires
can then be transferred directly to relevant statistical soft-
ware. The electronic nature of the data also allows research-
ers to modify the questionnaire easily when mistakes are
identified or to add more questions when more information is
needed.27 It can also produce tailored questionnaires for
specific respondents and automatically skip questions that
do not need an answer.
One of the greatest advantages of web-based surveys is
that they allow respondents to answer questions anon-
ymously and therefore maintain their privacy. The possibility
exists of identifying Internet Protocol (IP) addresses and
tracking their personal information.26 However, emphasizing
the credibility of researchers and guaranteeing no IP identi-
fication during the investigation may reduce such concern. A
study comparing the quality of self-administered pen-and-
paper investigations with computer-assisted investigations
found that there was less distortion in the computerized
versions of interviews, and the quality of self-administered
questionnaires was affected by the environment depending
on whether interviewers or other people were present.28Additionally, online surveys can reduce social desirability bias
caused by attempts to satisfy the interviewer’s expectations
or being led by the interviewer’s verbal expressions.
Another important advantage of the online survey is its
cost-effectiveness. This is especially important for HIV beha-
vior surveillance in developing countries. Compared to tradi-
tional field survey methods, online surveys reduce the costs
of printing, stationery, and postage.25 There are no data
entry costs and no data entry errors. In addition, online
surveys do not need to arrange face-to-face interviewers
thus reducing expenses for transportation and compensation.
Once the study site is set up, there is almost no other cost
related to online surveys.25
The Internet appears to offer an ideal medium to conduct
HIV/AIDS behavioral surveillance among MSM. However, given
the facts that the main function of behavioral surveillance is
to track the changes in key risk behaviors over time and
systematic and replicable study designs are required, there
are several issues that should be kept in mind when using the
Internet to conduct behavioral surveillance among MSM.
Issues of sampling and study design
Given the fluid nature of the MSM community of Internet
users and the sensitivity of homosexuality, it is almost impos-
sible to develop a sampling frame to yield an online sample of
MSM based on a randomized probability principle.29,30 The
convenience sampling design, the most common strategy
used in web-based surveys among MSM, may limit the gen-
eralization and interpretation of surveillance results. Usually
in an online survey among MSM, advertisements are posted
widely on gay websites or chat rooms to recruit potential
respondents.15,17—21 For specific gay websites, lists of ‘user
names’ and/or e-mail addresses of registered gay members
do exist, however it may be difficult for researchers to access
them because of privacy concerns. Even if a list of e-mail
addresses is obtained, it is still difficult to construct a random
e-mail address list given the mixed quality of the list of e-
mails provided by MSM Internet users.30 The sampling issue is
probably the biggest challenge to conducting methodologi-
cally social behavioral surveillance among MSM using the
Internet.
Furthermore, regardless of the methods used to recruit
potential respondents, participation is always based on the
willingness of potential target populations. What is different
between those who take part in the study and those who do
not? What drives those MSM who access the invitation adver-
tisements to participate? To date there have been no such
studies that could answer these questions and clarify the
potential selection bias associated with online samples.
Offering an incentive may increase the participation rate.
The problem with offering a direct monetary reward or using
a lottery system is that it requires participants to reveal their
identities so that the reward can be delivered. An online
experiment, however, indicates that incentives do influence
drop out, but not initial interest in participation, and do not
alter how participants answer the questions.31
In addition, it is also assumed that in developing countries
young and well-educated people may account for the major-
ity of Internet MSM users. It is likely that young and well-
educated MSM possess more computer literacy or have more
ready access to personal computers than older MSM.32
Web-based behavioral surveillance among MSM 129Although the world is experiencing a rapid increase in the use
of the Internet, in countries without good computer infra-
structure, or where literacy is a problem, surveillance using
web techniques is not possible. It is also very difficult to
calculate the response rate because of the difficulty in
identifying the denominator.33 Because web servers can
automatically record the number of visits, it is possible to
have a rough estimate of non-participants by subtracting off
the respondents, as well as to calculate the individuals who
visit the websites but do not participate. The problem with
this calculation is that ‘hits’ that a website receives are
different from individuals who visit it. It is difficult to ascer-
tain a subject’s motivation for ‘hitting’ a website and to
determine whether he is eligible for a study.
In terms of the representativeness, online MSM samples
are only samples of MSMwho use the Internet. Internet-based
surveys cannot reach the whole MSM population.25 However,
sampling in surveys among the MSM population is a common
challenge for both online and traditional gay community
surveys. Most current participants in surveys among MSM
are self-selected rather than probability samples. For exam-
ple, the survey conducted in London, as a part of an annual
behavioral surveillance program among MSM, distributed
questionnaires in London gyms. Those MSM who saw the
questionnaire and wanted to participate were expected to
complete the self-administered questionnaire.6 No special
sampling design was employed. Other MSM studies, whichTable 1 The differences in demographic characteristics and sex
Authors Country Sampling methods (N = sample size)
Online Community
Ross et al.
(2000)
Sweden Questionnaires were
launched on the
homepage of the
most popular
Swedish gay
website (N = 678)
Members of t
Federation fo
and Gay Right
Rhodes et
al. (2002)
Birmingham,
USA
Establishing links
with gay websites,
as many as
possible (N = 383)
Patrons in tw
predominatel
‘gay’ bars in
(N = 116)
Elford et
al. (2004)
London, UK Posting banners in
two international
gay websites: gay.
com and gaydar
(N = 1218)
Distributing q
in central Lon
(N = 879)
MSM, men who have sex with men; STD, sexually transmitted disease;recruited participants from gay bars,22 from a gay pride
festival,34 and from public health counseling and testing
sites,11 have similar limitations.
Family Health International summarized sampling meth-
ods for behavioral surveillance among MSM, including multi-
stage cluster sampling, time location sampling, the ‘take-all’
approach, and ‘snowball’ sampling, which are usually applied
to MSM in traditional gay venues.1 The first two methods are
less prone to bias and permit the application of statistical
theory to estimate the sampling error from the survey data
themselves.1 However, to use these methods one needs to
develop a detailed sampling frame of venues where gay men
tend to gather, which takes time and resources and is rarely
satisfiable. In addition, community MSM samples are
restricted to the subgroup of MSM who frequent traditional
gay venues. This group may be less representative of the
(whole) MSM population than an online sample. The other two
methods, which are similar to the convenience sampling
design, are not based on a probability principle. They are
generally easier and inexpensive to use, but selection bias
may still be an issue from the subjectivity that often enters
into the sample selection process, and the replicability of the
sampling process is still a challenge.1 A new form of chain-
referral sampling termed ‘respondent-driven sampling’ has
been developed by the Eastern Connecticut Health Outreach
project for surveys among ‘hidden populations’. One of the
key features of this method, distinct from the traditionalual behaviors between online and community MSM samples
Key differences (online vs. community)
Demographic
characteristics
Sexual behaviors
he Swedish
r Lesbian
s (N = 716)
More likely to be
younger and bisexual,
to live in small towns/
cities, to live with
parents or a girlfriend,
to be less educated
No significant
difference in key
risk sexual
behaviors except
the online sample
reported more
condom use for
anal sex with
steady partners
o
y male
Birmingham
More likely to be older,
bisexual, and to have
a lower education level
More likely to have
an STD infection
history and to be
self-reported HIV
positive; less likely
to report having
engaged in anal
intercourse in the
past 12 months
uestionnaires
don gyms
More likely to be
younger and bisexual,
to be in a relationship
with men, and to have
a lower education level
More likely to have
higher risk sexual
behaviors, such as
engaging in UAI
with an unknown
HIV sero-status
partner and seeking
sex on the Internet
UAI, unprotected anal intercourse.
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incentive for participation plus a reward for recruiting a
certain number of others into the study — to reduce the
selection bias towards the initial subjects.35 This feature
makes it less feasible in developing countries because of
the prohibitive expense involved. And also this method
may take a long time to reach the target sample size.
Several studies have explored differences between online
MSM samples recruited using convenience sampling designs
and samples recruited in traditional gay venues.22,29,36 The
major findings are summarized in Table 1. Although there is
consistent evidence that individuals from online samples are
more likely to have lower education and to be bisexual, no
clear differences in demographic characteristics and risk
behaviors between the two different sources of samples
are apparent. The problem with these comparisons is that
there are other differences between the two samples besides
the method by which the data are collected. None of the
studies have used probability-sampling methods, and the bias
associated with self-selection is not clear. Given cultural,
religious, and economic situations and attitudes to homo-
sexuality in different countries, it is difficult to draw a clear
conclusion as to the differences between online and com-
munity MSM samples. These studies, however, potentially do
indicate that online surveys can produce similar quality data
to the surveys conducted in traditional ways, and the Internet
may serve as an expedient and reliable method to increase
the understanding of risk among MSM.22
The sampling issue is generic to all surveys among MSM and
does not pose a particular problem on the Internet. In fact
due to the ease and the anonymity of answering, this self-
selection bias is probably minimized. Increasing the sample
size, which is highly possible in an online survey, and using
multiple recruitment methods to maximize the diversity of
potential respondents, can significantly reduce selection
bias.1 Selection bias might be decreased as more and more
people can access the Internet in the future. In addition,
online surveys may potentially reach many MSM who do not
frequent traditional gay venues and cannot be recruited for
the community-based surveys.27 Monitoring key demographic
characteristics of an online MSM population may help eval-
uate any potential selection bias. Changes in the demo-
graphic composition of online MSM samples over time may
highlight a need for statistical adjustment, or differences
between participants and non-participants may point to the
potential direction of any bias.2
In addition, the key purpose of HIV/AIDS behavioral sur-
veillance, an important part of an HIV/AIDS comprehensive
surveillance system, is to track the changes in risk behaviors
that put MSM at risk for HIV. The surveillance methods are
defined more by their ‘practicability, uniformity, and rapid-
ity’ than their ‘completeness and accuracy’. Sample frames
and randomness may not be as crucial as one may think. In
terms of routine surveillance, the more complicated the
process is, the less precise the results, especially in devel-
oping countries. In certain circumstances it is not necessary
to create representative samples of the whole target MSM
population in the behavioral surveillance. As long as the same
sampling design is used between survey rounds and any bias
caused by online sampling can be assumed to be relatively
stable, samples of sub-groups of MSM still provide valuable
information about the trends of risk behaviors.Conclusions
Sampling and study design should be carefully considered
when using the Internet to conduct HIV/AIDS behavioral
surveillance among MSM. However, this method can still be
viewed as an efficient and feasible approach for such sur-
veillance, especially in countries where the HIV/AIDS epi-
demic is concentrated in high-risk populations and where the
conducting of such behavioral surveillance in traditional gay
venues is difficult. With progress in technology, many issues
related to online surveillance may be solved. The Internet, as
a new sexual networking venue for MSM, presents a compel-
ling channel to develop new methods in HIV/AIDS risk beha-
vioral surveillance among MSM.
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